Contributions of superoxide, hydrogen peroxide, and transition metal ions to auto-oxidation of the favism-inducing pyrimidine aglycone, divicine, and its reactions with haemoglobin.
The influence of O2-, H2O2 and metal ions on the auto-oxidation of divicine, a pyrimidine aglycone, was studied. In air at pH 7.4, the hydroquinonic form oxidized within a few minutes. Superoxide dismutase (SOD) markedly decreased the initial rate, giving a lag phase followed by rapid oxidation. Although catalase or diethylenetriamine-penta-acetic acid (DTPA) alone had little effect, each in the presence of SOD further slowed the initial rate and increased the lag. H2O2 decreased the lag time, as did Cu2+, Fe2+ or haemoglobin. GSH substantially increased the lag phase, but it eventually reacted with the divicine to form a 305 nm-absorbing adduct. These results indicate that an O2(-)-dependent mechanism of divicine auto-oxidation normally predominates. Auto-oxidation can also occur by a mechanism involving H2O2 and transition metal ions or haemoglobin, and if both these reactions are prevented by SOD and DTPA or catalase, a third mechanism, requiring build-up of an autocatalytic intermediate, becomes operative. Oxyhaemoglobin did not react directly with divicine, but reacted with the H2O2 produced by divicine auto-oxidation to give mainly an oxidized derivative presumed to be ferrylhaemoglobin. Divicine was shown to reduce ferylhaemoglobin to methaemoglobin, and this reaction was probably responsible for the acceleratory effect of haemoglobin on divicine oxidation. These results indicate that O2 rather than oxyhaemoglobin is likely to initiate divicine oxidation in the erythrocyte. Haemolytic crises, which are thought to result from this oxidation, occur only sporadically in glucose-6-phosphate dehydrogenase deficient individuals following ingestion of fava beans. A characteristic of the crises is acute depletion of erythrocyte GSH, and the vulnerability of these cells could relate to the ability of GSH, in combination with SOD, to protect against the autocatalytic mechanism of divicine auto-oxidation. Our demonstration of a variety of auto-oxidation pathways also suggests possible areas of individual variation.